INTRODUCTION
In the investigation of gamma-ray logs, particular emphasis has been placed on the calibration of the logs in terms of the thickness and grade of radioactive ores. One factor in such calibration is variation in drill-hole diameter. Controlled experimental gammaray logging measurements have shown that an increase in the diameter of a drill hole might either increase or decrease the measured radiation intensity, depending upon the geometry of a particular measurement. Thus, sufficient variation in the hole diameter where overbreaking, sloughing, or swelling has occurred in the drill hole might lead to erroneous estimation from the gamma-ray log of the thickness and grade of ore. Although few or no data existed on the variation of hole diameter in actual exploratory drilling for carnotite deposits in the Colorado Plateau region before the present study, overbreaking or sloughing of drill-hole walls was suspected to occur in the higher grade ore zones.
The need for caliper logs of drill holes has long been obvious, but the small diameter of the customary diamond-drill holes in the Colorado Plateau region most are AX and BX size has heretofore prevented such logging. Recently, a caliper designed to pass through a 2-inch ID pipe was developed by the U. four holes were drilled by a contractor for the Geological Survey. Holes A and B were drilled by the Climax Uranium Co., Grand Junction, Colo.
CALIPER LOGGING

EQUIPMENT
The Bureau of Mines well-bore caliper was designed to provide an instrument that could pass through 2-inch tubing. It is suspended from a single-conductor armored electrical cable (Amergraph, type 1-H-O). The instrument differs from other well-bore calipers in that it measures four equispaced radii of the hole with an accuracy of one-fourth inch. The measuring arms can be opened and closed when the instrument is at any depth in the well. The well-bore caliper is 1% inches in diameter and approximately 6 feet long. The measuring arms are forced outward simultaneously by an electrohydraulic system but move independently so that each arm can take any position to follow the shape of the well bore. Each arm is linked mechanically to a variable resistor so that the degree of arc of the arm can be measured with an ammeter at the surface. The ammeter is calibrated to read directly in inches the distance the arm tip is extended from the longitudinal axis of the probe. The position of each of the four arms is determined by using a mechanism to switch current through each resistor. The diameter of the drill hole is then determined by adding the readings from opposite arms. Figure 67 shows the caliper probe and the auxiliary equipment used in making well-bore measurements. The caliper is lowered into the well on the cable from a reel mounted in a laboratory truck. A 3-kilowatt 110-volt alternating-current generator supplies power for operation of the instrument. Contact between the control panel and the conductor of the cable is made through the hub of the cable reel by a slip-ring contact, giving the operator full control of the probe throughout the depth of the well, allowing him to open and close the measuring arms and observe the reading on the meter in the control panel.
The cable reel is driven by a gasoline engine which is coupled to the reel through a hydraulic drive in order to prevent overloading the cable if the instrument sticks in the hole while it is being withdrawn. A weight indicator shows the tension of the cable at all times. The cable runs through a depth indicator at the surface which indicates the depth of the caliper probe to within one-half foot.
PROCEDURE
The initial step in caliper logging is to turn on the electric current and to allow about 20 minutes for the warmup and stabilization of the electrical components in the circuit. logging, the measuring arms are expanded to the full open position (18 inches) and the measuring circuit is checked with a calibration ring of that diameter. When the measurements are correct at fully open and fully closed positions, the circuit has been stabilized and the instrument is ready for use. The measuring arms are closed, the probe is lowered to the bottom of the hole, and the measuring arms are reopened. Measurements are made at selected points as the wellbore caliper is drawn up. The instrument is suspended at each position at which a reading is made, and measurements are recorded for each of the four measuring arms. Depths at observation points in the hole are recorded, together with the corresponding well-bore measurements. A reading can be made, recorded, and the instrument moved to the next position in approximately 20 seconds when the depth increment is 1 foot or less.
The procedure in calipering the drill holes on the Colorado Plateau was to start approximately 10 feet below the ore body and log at 1-foot increments up to the ore zone, at 6-inch increments through the ore zone, and at 1-foot increments for 10 feet above the ore. Some of the logs show the diameters to be smaller than the diameter of the drill for 3 or 4 feet (for example, JD-339, 681.0-684.0 ft; JD-341, 173.0-175.0 ft). This is believed to have been caused by failure of the measuring arms to penetrate mud on the walls. Penetration could have been achieved by raising and lowering the instrument for a short distance after the arms were opened and before starting to log, but this was not done for fear of dislodging material from the walls and causing the instrument to jam. All holes were gamma-ray logged, then immediately caliper logged in order to determine the hole size when the gamma-ray log was made.
As this caliper probe is a prototype and the only one built before this work, maximum precaution was taken to prevent its loss. Badly caved holes in which there was chance of wedging the probe and losing it were not logged.
RESULTS
The data compiled for the 6 holes include the depth at which the various data were obtained; the average diameter of the hole determined by taking one-half the summation of the 4 radii; percentage core recovery; the percent equivalent U3O8 of the pulverized core; the percent chemical U3O8 of the pulverized core; the counts per minute derived from the core by a radiometric core scanner; the thickness and percent equivalent U3O8 for radioactive zones as determined from the gamma-ray log (Barnaby); and, the rock type and its texture. These are given in table 3.
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EXPERIMENTAL AND THEORETICAL GEOPHYSICS
COMPARISON OF DIAMETER WITH PERCENTAGE CORE RECOVERY
Analysis of the measurements of drill-hole diameter with the corresponding percentage core recovery shows only a slight tendency for the hole diameter to increase as the percentage of core recovery decreases. Table 1 shows the comparison of the measured drill-hole diameters with the corresponding percentage core recovery. Before the caliper measurements, it had been thought that factors causing low core recovery might also cause a corresponding increase in hole diameter. ' The percentage of core recovered is derived from the ratio of the length of the core recovered to the length of the run.
Causes of core loss include excessive bit pressure and drilling speed which in turn cause the rod to whip, thereby increasing the size of the drill hole by a reaming action. It was the observation of the Bureau of Mines engineer that the high-core-recovery holes JD-327 (NX bit) and JD-339 (NX bit) were drilled with a high drilling speed, a low bit pressure, and only slight visible whipping of the drill stem. Hole numbers JD-329 (BX bit) and JD-341 (NX bit) were drilled with greater pressure and low drilling speed. The drill stems were observed to be whipping to the extent that the core was probably broken and pulverized as it was cut. In addition, JD-329 and B were drilled with a smaller size bit (BX), which is conducive to greater core loss.
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COMPARISON OF DRILL-HOLE DIAMETER WITH ROCK TYPE
The rock types penetrated by the six holes are sandstones of various grain size and mudstone. The ore zones are chiefly sandstone with carnotite as an interstitial material. The friability of the sandstone increases with increasing carnotite content. Kesults of previous drilling projects indicated that core loss through high-grade ore zones is occasionally serious; however, there was no appreciable core loss due to this cause in the six holes described here.
Analysis of the comparison between the measured drill-hole diameter and the corresponding rock type indicates that the drill-hole diameter increases with increasing gram size of the rock (table 2) . This might well be expected as the abrasive action is reduced with a reduction in particle size. 
COMPARISON OF DRILL-HOLE DIAMETER WITH EQUIVALENT U3O8 CONTENT
Analysis of data in table 3 indicates lack of correlation between the measurements of drill-hole diameter and the corresponding UaOg content of the core samples. It is highly probable that there is an increase hi hole size with an increase in UaOg content due to the increase in friability, but the instrument error in the caliper and perhaps lack of sufficient data obscure the correlation.
COMPARISON OF CORE RECOVERY WITH EQUIVALENT U3O8 CONTENT
Analysis of data on drill-hole diameter and percentage core recovery as shown in table 3 indicates a lack of correlation between the core recovery and equivalent U3O8 content. Although significant core loss in thin, high-grade ore zones is suspected to occur because of occasional discrepancies indicating high activity on the gamma-ray log and relatively low equivalent uranium in the recovered ore samples, the present data in table 3 do not include any information on thin, 248 EXPERIMENTAL AND THEORETICAL GEOPHYSICS high-grade ore zones. Thus, no data are available on the possible correlation between increasing equivalent uranium content and decreasing core recovery.
CONCLUSIONS
Evaluation of the relationships among data is limited by the accuracy of measurement of the caliper-logging equipment. The use of long measuring arms in small-diameter holes causes the angle through which the measuring arms move to be small, thus utilizing an undesirable part of the characteristic curve of the tubes in the measuring circuit. Use of shorter arms would increase the arc, thereby increasing the accuracy of the measurements from the present tolerance of plus or minus one-fourth inch.
The following generalized conclusions can be drawn: 1. Variation in drill-hole diameter, particularly through uraniumbearing mineralized zones, is relatively small, in general amounting to an increase of less than one-half inch. Such a change in diameter would have little effect on the gamma-ray logging measurement, probably causing a difference of less than 1 percent in the measurement.
2. The diameter of a drill hole tends to increase with increase in particle size.
3. As the diameter of a drill hole increases, the amount of core recovered tends to decrease slightly. 
